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ABBREVIATIONS & DEFINITIONS

The principal |SDN abbreviations and ternms used in this docunent are defined
bel ow. O her abbreviations and definitions related nore to general digital

transm ssion are included in "Digital

Transm ssion Term nol ogy," located in

Bul l etin 1751H 403, Digital Transmission Fundamentals.

2B1Q (2 binary 1 quaternary): Digital line code
having four information states used to obtain up to
a 160 kb/s bandwidth over non-loaded, paired-wire
facilities.

2B+D: ISDN 144 kb/s basic rate access of two 64
kb/s channels and one 16 kb/s channel.

23B+D: ISDN 1.544 Mb/s primary rate access of
23-64 kb/s channels for voice or data use, and one
64 kb/s signaling channel.

ANSI (American National Standards Institute):
Principal U.S. standards setting organization.

B-channel: Designation for the 64 kb/s
information-carrying channel in both the BRI and
the PRI forms of the ISDN.

BRI (basic rate interface): The 2B+D form of
ISDN that provides two 64 kb/s B-channels and
one 16 kb/s D-channel to a subscriber over asingle
loop facility.

CCITT (International Telegraph and
Telephone Consultative Committee):
International telecommunications standards
setting body.

D-channel: Designation for both the 16 kb/s and
the 64 kb/s signaling channels used in the BRI and
PRI forms, respectively, of ISDN.

DLC (digital loop carrier): Device that digitally
encodes and multiplexes subscriber 1oop channels
for more efficient transmission and greater range

from the centra office.

DSL (digital subscriber line): A metallic
subscriber loop over which full-duplex voice
and/or datais transmitted in digital format.

ET (exchange termination): Termination point
located within the central office whereaDSL is
connected to the switching network.

ISDN: Abbreviation for the Integrated Services
Digital Network.

LT (line termination): Physical termination
point of a DSL located at the line frame of a
central office switch, DLC or RT.

NT (network termination): General term used to
refer to equipment that terminates a subscriber line
at the customer's premises.

NT1 (network termination type 1): Type of
subscriber termination that provides for the basic
electrical/mechanical interface (OSI Layer 1)
between customer equipment and the DSL.

NT2 (network termination type 2): Type of
subscriber termination that provides for both the
basic electrical/mechanical interface (OSI Layer 1)
and higher level OSI protocols between customer
equipment and the DSL.

OSI (open systems interconnection): Structured
architecture designed for information exchange
between different communication or data systems.

PRI (primary rate interface): The 23B+D form
of I1SDN access giving the user 23-64 kb/s B-
channels and one 64 kb/s D-channel for atotal
bandwidth of 1.544 Mb/s.

R-interface: 1SDN subscriber reference point
located between the TE2 and a TA.

RT (remote terminal): Remotely-located
terminal of a subscriber carrier or concentrator
system that is connected to the central office.

S-interface: ISDN reference point located at a
subscriber's premises between an NT2 and a TA,;
or, between an NT2 and a TEL

TA (terminal adapter) Equipment that converts
standard computer or voice electrical interfacesto
the ISDN S-interface or the T-interface.

TE1 (terminal equipment type 1): Voice or data
terminal equipment with the internal capability to
directly connect without conversion to the ISDN S
interface or the T-interface.

TE2 (terminal equipment type 2): Voice or data
terminal equipment that requires the use of a
terminal adapter (TA) to connect to the ISDN S
interface or the T-interface.

T-interface: 1SDN subscriber reference point
located between an NT1 and a NT2; or between an
NT1and a TEL.

U-interface: 1SDN subscriber reference point
located between the network DSL and the NT.

V-interface: 1SDN network reference point
located at the CO between the LT and the ET.
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1. INTRODUCTION

1.1 This bulletin provides REA borrowers, consulting engineers and ot her
interested parties with technical information on the fundanentals of the
Integrated Services Digital Network, generally referred to as | SDN. Mich of the
information contained in this docunment is of a descriptive nature which is
intended to provide the reader with a basic overview of the subject. The
enphasis is on the Basic Rate Interface (BRI) formof |1SDN, known al so as 2B+D
Sone information is presented on the Primary Rate Interface (PRI), referred to as
23B+D, for conparative purposes. However, BRI is given considerably nore
treatnent than PRI because of its higher likelihood for |oop applications,
particularly in rural environnents. The key concepts of BRI |SDN are covered
fromboth a network and customer equi pnent perspective. Although custoner

equi pnent is an itemgenerally no longer directly provided by tel ephone
conpani es, the conplexity of an | SDN network requires sone understandi ng of what
Iies beyond the subscriber side of the tel ephone conpany/custoner interface

1.2 The provisioning of BRI in the |Ioop plant presents sone inportant chall enges
to |l ocal exchange carriers (LECs), such as reducing |oop I ength and elimnating

| oaded plant. In particular, proper consideration nust be given to existing and
future anal og station carrier systens because of the potential for interference
caused by the 1 SDN BRI signal. Means of deploying | SDN t hrough various | oop
architectures are presented with a brief discussion of central office equipnent
(COE) considerations. Sonme possible applications of |SDN for different customer
services are addressed. Recomendations for future |oop planning are offered in
the final section

2. GENERAL OVERVIEW OF ISDN

2.1 ISDNis a recently devel oped nethod for conmmunicating both data and voice
informati on over the public-sw tched tel ephone network. Using |ISDN, both data
and voice information can be integrated and transnitted end-to-end in digital
not analog, format. Unnecessary analog to digital conversions are avoided. An
intelligent overlay network provides out-of-band signaling, performance

noni toring and mai nt enance capabilities. Mor eover, | SDN provides for a set of
common i nterfaces between the network and the end user

2.2 Inits nost basic format, the digitized voice and data signals are

mul tiplexed into a single bitstreamand then transnmitted over a single pair of
wires to the tel ephone central office (CO switch at a rate of 160 kb/s. The
facility over which this information is transmtted is termed a digita
subscriber line, or DSL. The 160 kb/s bandwi dth results fromtwo 64 kb/s B-
channel s, one 16 kb/s D-channel and 16 kb/s of network overhead. At the CO the
two B-channel s and the D-channel are then separated and switched to their

i ntended destinations. Any of the two B-channels can be either circuit-swtched
or packet-sw tched, dependi ng upon customer requirements and network
capabilities; the D channel can be only packet-switched. Figure 1 illustrates

t hese concepts.
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2.3 |SDN at the 160 kb/s BRI rate could typically be used in a home or small

busi ness to connect a single line with three custoner devices - a conputer

term nal, a FAX nachine and a tel ephone, for exanple. [ISDNin this configuration
provides multiple benefits: 1) a universal interface that provides the capability
for simultaneous operation of all three devices over a single telephone line; 2)
a correspondi ng subscriber rate savings conpared to purchase of three, separate
lines; 3) the higher quality of digital transm ssion as conpared to anal og; and
4) a significant enhancenent in bandw dth over what is avail able on an anal og
loop. ISDNin this application is serving, in effect, as sinply a digita

mul ti pl exer.

FIGURE 1
ISDN 2B+D BASIC CONFIGURATION

(AVAI LABLE ON HARD COPY ONLY.)

2.4 The higher bandwi dth formof ISDN, the PRI, operates at an overall rate of
1.544 Mo/s. It contains 23 B-channels for information, one D-channel for
signaling and 8 kb/s of overhead for fram ng and nai ntenance. Both the B and D
channel s are 64 kb/s each. The PRI transm ssion rate has greater capacity and
woul d typically be used to connect with PBXs or digital multiplexers which have
the capability to process both voice and data traffic frommany I|ines.

2.5 As with the lower rate BRI, the PRI would al so offer the benefits of
integrated voice and data digital transmission. |SDN applications in the PR
format by business custonmers extend into several additional areas. These include
provisioning of ANl (automatic nunber identification) on signaling channels
separate fromthose carrying incoming calls so that the identity of the caller is
i medi ately known at the ternminating end. This feature could be used to speed
inquiries and orders in, for exanple, a catalog order firm Qher uses would

i ncl ude access to LANs and PC-to-PC comuni cations, using both packet and
circuit-sw tched networks.

3. ISDN IN DETAIL

3.1 Purpose

3.1.1 The purpose of the section is to provide further descriptive detail on the
various aspects of |SDN, beyond the overview presented in Section 2. This
section is organized around ten separate topics that cover bit rates, channe
structure, line codes, functional groups, etc. [|SDN provisioning and
applications are addressed in | ater sections.

3.2 Bit Rates & Channel Structure

3.2.1 |SDN operates at two different bit rates dependi ng upon whether one is
referring to BRI or PRI ISDN. The BRI operates at the |lower digital transm ssion
rate of 160 kb/s. This is a significantly higher bit rate than what is typically
used for digital transnmission of a single voice channel at the standard rate of
64 kb/s, or digital signal level zero (DSO). The transm ssion rate of 160 kb/s
coupled with use of the 2B1Q line code results in a synbol or signaling rate of
80 kil obaud. (Line codes are discussed in further detail in Section 3.4.)

3.2.2 Athough 160 kb/s is the rate at which the BRI is furnished over the | oca
loop facilities, only 144 kb/s is available for the custonmer "payload." The
remai ning 16 kb/s of overhead is used for tel ephone conpany network operating

pur poses, such as performance nmonitoring, fram ng, provisioning and tinmng. This
16 kb/s channel is sonetimes referred to as the mai ntenance or Mchannel. BR

| SDN can accommodate two full duplex 64 kb/s channels (referred to in | SDN

par|l ance as Bearer or B-channels) and one 16 kb/s Delta, or D-channel, used for
custoner signaling and data

3.2.3 The PRI |1SDN operates at an overall bit rate of 1.544 MJ/s. It contains
23 B-channel s and one D-channel. The B-channels can either be circuit swtched
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voi ce or data. The D-channel is limted to signaling purposes and packet -
switched data. O the 1.544 M/s transmission rate, only 1.536 Md/s is avail able
for custoner use or payload. The remaining 8 kb/s is used for network overhead,
such as fram ng and mai ntenance. The characteristics of both the BRI and PRI

| SDNs are summarized in Table 1.

TABLE 1
ISDN CHANNEL & BIT RATES

(AVAI LABLE ON HARD COPY ONLY.)
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3.3 Clear Channel Capability

3.3.1 Both the BRI and the PRI fornms of |ISDN are designed for an inportant
capability for data communications. This is clear channel capability. d ear
channel capability refers to the ability to use the full 64 kb/s bandw dth of a
DSO channel entirely for customer payload without any restrictions on the ones or
zeros content of data. Traditionally, DSO channels provided | ess than 64 kb/s
bandwi dth to the user because of the need to maintain a mnimumdensity of ones
for timng and synchronization purposes. Furthernore, the least significant bit
in every sixth frane was al so robbed and used for signaling purposes. The DSO
channel capacity was effectively narrowed froma data perspective by 8 kb/s to 56
kb/ s because of these two requirenents. Wile this linmtation is not a problem
for digitally-encoded voice signals, it presents undesirable restrictions with
digital data transm ssion

3.3.2 The BRI 1SDN concept consists of clear capability for all three of the
2B+D channels. To satisfy signaling requirements, it includes a separate
signaling channel (the D-channel). This elimnates the need to performbit
robbi ng for in-band signaling purposes. The mninmum ones density requirenents
can be addressed by using a digital zero substitution code on interoffice

transm ssion equiprment. Wth a code such as Binary 8 Zero Substitution (B8ZS) or
the | esser-used Zero Byte Time Slot Interchange (ZBTSI), timing can be properly
mai nt ai ned by codi ng and subsequently decodi ng successive strings of zeroes.

Thi s mani pul ation of the bitstreamis transparent to the user and does not

restrict any use of the full 64 kb/s channel. Continuous strings of zeros can
therefore, be reliably transmtted. Although clear channel capability froman
exchange perspective will be avail able when BRI |SDN is depl oyed on a | oop basis,

the initial inplementation of | SDN on certain interoffice networks may not result
in 64 kb/s capability until SS7 is furnished and ol der term nal equi pnent has
been repl aced or nodified

3.4 2B1Q Transmission Line Code

3.4.1 Aline code is the nunmeric scheme whereby digital information is converted
into pulses for transmssion. A variety of |ine codes have been devel oped for
this purpose. The nost comon is the Alternate Mark Inversion (AM), which is
used in digital T-1 carrier transmssion. AM sinply alternates the pul se
polarity frompositive to negative for every digital one; zeroes are represented
by a zero voltage level. Line codes are designed to optinize the transm ssion of
digital information over a particular type of facility. Some considerations
involved in selecting a line code are spectral energy, near end crosstal k (NEXT),
echo noi se, inpulse noise, intersynbol interference and quanti zi ng noise

3.4.2 The line code that has been selected for transm ssion of the BRI | SDN
signal inthe US. is known as 2B1Q or 2 Binary 1 Quaternary. 2B1Q neans that
two bits of digital information are represented by a four-1level, or quaternary,
line signal. Digital information is not represented on a single bit basis, as
with AM, but in blocks of two bits. Because the bl ock code has four possible
| ogical states, the two bit blocks are known as quats. The 2B1Q code was
standardized in the U S. by the Arerican National Standards Institute (ANSI)

standard for tel ecomunications.® This guaternary |line code is conpared
graphically to the AM code for a given 10-bit bitstreamin Figure 2. Table 2
shows the 2B1Q code in terns of bits, blocks and pul se voltages

FIGURE 2
COMPARISON OF AMI & 2B1Q LINE CODES

(AVAI LABLE ON HARD COPY ONLY)

1 ANSI Standard No. T1.601-1988, ISDN Basic Access Interface for Use on Metallic Loops for Application to the Network Side of

the NT.
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TABLE 2
2B1Q SYMBOL BLOCKS & PULSE VOLTAGES

(AVAI LABLE ON HARD COPY ONLY)

3.4.3 Prior to the adoption of an Anerican standard |line code for transm ssion
of the BRI over a digital subscriber line (DSL), a variety of |ine codes were
eval uated for use. 2B1Q was found to be superior in neeting the requirenents of
typical loops in North Arerica. Qher signal processing techniques are used
along with this code to further enhance digital transm ssion over |oop
facilities. They include scranbling, echo cancellation and adaptive
equal i zation

3.4.4 The standardi zed line code for BRI |ISDN has its peak spectral energy at an
approxi mate frequency of 40 kHz, as conpared to 80 kHz for an AM code. The

| oner frequency, or spectral conponents, mnimze |oss over the largely inductive
loop plant. The baud rate (or synbol rate) of 2B1Q is 80 kil obaud. This results
fromthe use of one synmbol per two bits of data tinmes the 160 kb/s bit rate (1/2
x 160 kb/s). The use of 2B1Q over copper loop facilities is designed to produce
a bit error rate (BER) of |ess than 107,

3.5 ISDN Architecture & Functional Groups

3.5.1 BRI 1SDN consists of a nunber of reference points and functional groups
between the CO and the subscriber's terminal equipnent that are used for
information transfer over the network. The functional groups are used to define
the specific functions that are perforned between each reference or access point.
The reference points, |ocated between functional groups, are where the | SDN
signals are defined. This section will describe the principal conponents of this
network, their functions and their respective reference points. The discussion
will center around Figure 3

FIGURE 3
ISDN INTERFACE REFERENCE MODEL

(AVAI LABLE ON HARD COPY ONLY)

3.5.2 As a general overview of the BRI interface, the two-wire DSL operates

bi directionally between the CO and the subscriber's premises at a rate of 160
kb/s. At the subscriber end, a network term nation (NT) device converts the two-
wire facility to four-wire to provide a passive bus-type connection to subscri ber
term nal equi prent.

3.5.3 Mre specifically and as illustrated in Figure 3, a BRI |SDN begins at the
CO where the DSL is affixed to the Line Termination (LT). The LT is essentially

equivalent to the line card of the switch.” The actual termination of a DSL at
the CO end is defined at the Exchange Termination (ET), which is the connection
to the switching network. It is at this point that access to either packet-
switched or circuit-switched networks is provided. The reference point between
the LT and the ET (physically |ocated at the backplane of the COor RT line card
frame) is known as the V-interface, shown at the extrenme left of Figure 3

3.5.4 At the CO the LT contains a naster digital transceiver that is largely a
mrror image of a slave digital transceiver located at the subscriber's end of
the DSL. The subscriber's transceiver is contained within the NT. Both the LT
and NT transceivers contain nultiplexers and denultiplexers to conbi ne and
separate the 2B+D channels. The digital transceivers also performa nunber of

i mportant signal processing capabilities to ensure accurate transm ssion of the
digital signal over loop facilities.

3.5.5 To deal with reflections at cable plant inpedance discontinuities (such as
bri dged taps or gauge changes) and to provide for bidirectional transm ssion, the

2 TheLT may also be located at any form of remote terminal (RT) extension of the CO, such asadigital loop carrier system,

concentrator terminal or remote switching terminal.
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receivers contain a hybrid with echo canceling capability. This feature renoves
echoes and crosstal k by conparing the transnmtted and received bitstreans and
cancel i ng undesirabl e echoed signals, resulting in the overall elimnation of the
undesi rabl e conponents and restoration of the original signal. Additionally, the
receivers contain a post adaptive equalizer that assesses the inpedance
characteristics of different |loop facilities and adjusts for the expected | oop
distortion factors. 1t then reshapes the inconmng digital pulses to their
original formbased upon the expected distortion. Scranbling (temporary
rearrangenment of a bitstreamto avoid repetitive patterns) is also enployed as a
further neasure to reduce crosstalk within the paired cable. |In summary, severa
rel atively sophisticated signal processing techniques are used to ensure accurate
delivery of the 160 kb/s signal

3.5.6 Figure 3 shows the DSL extending fromthe COto the subscriber's premn ses
and terminating at the NT. The interface or reference point between the DSL and
the NT is termed the U-interface. Physically, it is located by nutual agreenent
bet ween the LEC and the subscri ber

3.5.7 The basic rate | SDN reference nodel provides for the division of the NT
into two separate functional conmponents, known as NT1 and NT2. (NT can refer to
an NT1 or an NT2, or both.) An NT1 provides minimal functionality by
establ i shing and nai ntai ning an OCSl (Qpen Systens |Interconnection) Layer 1
connecti on, which involves only the basic physical/electrical connection and
rel ated comuni cation protocols between each end of the DSL. An NT2 is optiona
and is used only when higher |ayer OSI functions (Layers 1, 2 and 3) are
required. (OSI Layers are discussed in the followi ng section, 3.6.) Only NT1s
will be used in nost BRI applications; NT2s will see use in higher capacity
installations, particularly where the higher bandwi dth PRI formof ISDNis
required

3.5.8 The NT1 is simlar to network channel term nating equi pnent, or NCTE. As
previously nentioned, it is a slave transceiver which operates under the contro
of the LT master transceiver |ocated at the CO The NIl perfornms the conversion
fromthe Uinterface to the T-interface, which is used only for direct connection
to subscriber or customer prem ses equiprment (CPE) that is | SDN-conpatible. The
T-interface is a 4-wire interface and operates at a bit rate of 192 kb/s in each
direction to facilitate the connection of nultiple CPE devices in a bus
configuration

3.5.9 The reference point between the NT1 and the optional NT2 is also terned
the T-interface. The NT2 interfaces directly to | SDN ternmi nal equipnent. This
interface is known as the S-interface. It is essentially equivalent to the four
wire T-interface. Because of the compnalties between the S and T-interfaces,
sometimes both reference points are collectively terned the S/T-interface. NT2
devi ces can include appropriatel y-equi pped PBXs, LANs (Il ocal area networks), ACDs
(automatic call distributors), nultiplexers and term nal controllers.

3.5.10 | SDN-conpatible CPE is referred to as Term nal Equi pnent Type 1, or TEl
Non | SDN- conpati bl e equi pnent is known as Termi nal Equi prent Type 2, or TE2. |If
TE2 is to be used with ISDN, it requires a conversion between the CPE and the T-
interface of the NT1l. This conversion is performed by a device known as Term na
Adapter, or TA. TAs can either be standal one devi ces or add-on conponent boards
for existing data or voice term nal equipnent. Certain TAs have the capability
to transform for exanple, an | EEE RS-232 data port of a personal conputer and a
standard two-wire voice frequency interface into the four-wire 192 kb/s T-
interface for direct connection to the NT1l. The interface point between the TA
and the TE2 is referred to as to the Rinterface

3.5.11 In terms of ownership, it is expected that an LEC woul d provi de the DSL
network facilities up to the U interface, excluding the NT1. The subscri ber
woul d be responsible for providing and maintaining the NT1 and the NT2 (if
needed), any TAs and the TE1l or TE2 CPE devi ces.

3.6 OSI Layer Protocols
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3.6.1 The OCSl or Open Systens |nterconnection reference nodel is integral to the
information transfer aspects of ISDN. This section will generally describe the
0S|l structure and its role for |SDN

3.6.2 The Osl nodel was devel oped by the International Standards O gani zation
(I1'SO to provide a common, yet flexible, framework to facilitate the transfer of
nmessage, signaling and managenent information in different data conmuni cati ons
systens. It has since been adopted for use in tel ecommuni cati ons.

3.6.3 The basis for the CSI nodel is a seven |layer hierarchy of information
transfer operations. Each layer is defined in ternms of its specific functions.
The neans of providing these functions within each |layer are not specifically
defined; they are left up to individual designers or users. The inportant aspect
with respect to OSI standardization is that the defined functions are perfornmed
by each | ayer and that the proper information is passed between |layers. This
flexibility is the essence of the OGSl nodel and is what nakes it desirable from
an information transfer perspective anong different equi pnent or systens. Table
3 shows the OSI nodel and briefly describes the function of each of the seven

| ayers.
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TABLE 3
OSI SEVEN LAYER ARCHITECTURAL MODEL
(AVAI LABLE ON HARD COPY ONLY.)

3.6.4 Each OSI layer uses the services and information provided by the | ower
layers in conjunction with its own functions; it then provides further processing
and furnishes information through its upper interface to a higher |evel |ayer
where it is used to performthat |ayer's functions.

3.6.5 For the BRI |1SDN, the network provides, at a maximum only the three
| onest | ayers of the OSI nodel. These layers (nunbered 1 through 3) are referred
to as the lower layer functions; layers 4 through 7 are referred to as the higher
| ayer functions. Mst BRI applications will only use the Layer 1 services.

3.7 Powering

3.7.1 In theory, power for BRI |SDN service to the NT can be provided either
over the network or locally E% the subscriber. It is anticipated, however, that
inthe US the NT end of a L will be |ocally powered using comrercial power
sources wWith a battery backup, both provided by the subscriber. A | ow power
consunption node at the NT is provided internationally through COTT ]
flnternatlonal Tel egraph and Tel ephone Consultative nm ttee) Recomendati on
.430 (1 SDN User-Network Interfaces: Layer 1). But due to an apparent industry
Rh%fe%?nESngr custoner powering in the US| this feature was not adopted in

3.8 DSL Activation/Deactivation

3.8.1 A DSL may be operated in one of two nodes: continuous activation or
activation upon call request. In the US., it is expected that nost DSL
facilities will be continuously activated fromtine of systemturn-up. The
reasoning is that the expected delay and conplexity involved in startup on a
request basis would be unsatisfactory to a subscriber, in spite of the potentia
NT power consunption savings that could result fromthe deactivated node.

3.9 Sealing Current

3.9.1 |In standard analog, circuit-swi tched POTS (plain old tel ephone service)

| oops, a steady state DC current flows through the subscriber pair when initiated
by an of f-hook action at the CPE. The current is used for signaling purposes (to
detect an off-hook condition by the CO switch) and to provide a |limted amunt of
net wor k- suppl i ed power to operate CPE. A side benefit of this current flowis
that it causes the DC resistance of the loop to be mnimzed at splice joints.

Wt hout occasional current flow, these joints tend to oxidize producing a
significant increase in |oop resistance, |leading to resistive unbal ances. This
can cause increased circuit noise. 1In fact, for special service circuits not
requiring DC current for signaling, a conmon practice is to apply a DC current
around 10 nillianperes to ensure mni mumresistance through the splice points in
the loop. This is called a sealing current.

3.9.2 Wth BRI ISDN, signhaling is performed digitally over the D-channel and, in
general, all powering will be local. As a result, no DC current flow w |l occur
in the DSL and, therefore, splicing resistance will not be minimzed. This wll
be a problemfor long loops in particular. No specific solution has yet been
devel oped where | oop resi stance becones excessive. (See Section 4.1 for |oop
resi stance recommendations.) One option is to use a DCternmination on the NT1
that will pernmit a continuous |oop current to be supplied fromthe LT at the CO
However, this is not desirable froma CO battery capacity and energy cost
perspective. Application of a pulsed DC current fromthe COis a second solution
since splice resistance drops rapidly following a current pulse and maintains its
m ni mum val ue for some tine following the term nation of current flow

3 ANSI Standard No. T1.605-1989, ISDN Basic Access Interface for S and T Reference Points (Layer 1 Specification).
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3.10 U-Interface Frame Structure

3.10.1 The digital bitstream between the CO and the subscriber for the BRI U
interface has a rate of 160 kb/s and uses the 2B1Q |ine code, previously
described in Section 3.4. The organi zation or frame structure for this segnent
of an |1 SDN connection is based upon a frame that contains 240 bits, or 120

guat er nary synbols4 (quats). This frame passes in a nomnal time period of 1.5
mlliseconds (ns), giving the 160 kb/s bit rate. The frames are further

organi zed into superframes, which each contain eight standard franmes. The
superfranes are 12 ns in duration. The frame and superframe are depicted in

Fi gure 4.

4 Each quaternary symbol, or quat, for the 2B1Q line code (i.e. +3, +1, -1 and -3) consists of two bits, as shown in Table 2.
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FIGURE 4
U-INTERFACE FRAME STRUCTURE

(AVAI LABLE ON HARD COPY ONLY.)

3.10.2 As Figure 4 shows, each frame contains 9 quats for synchronization, 108
gquats for the 2B+D user data and 3 quats for mai ntenance or overhead. The
overhead bits are sonetines referred to as Mbits; they are organi zed on a
superfrane basis, giving 24 quats or 48 bits per superframe for a variety of

functions. These include: an enbedded operations channel ® (EQCC) at 2 kb/s that

utilizes 24 bits, a cyclic redundancy check® (CRC) using 12 bits, and far end

bl ock error (FEBE) detection by the CRC using one bit. The renmaining eleven bits
wi t hin each superfranme are for mscell aneous overhead and status functions (such
as powering and activation); sone are reserved for future overhead use.

4. ISDN PROVISIONING

4.1 Loop Limitations

4.1.1 Because of the relatively high bit rate used by the BRI for |oop purposes,
loop limtations have been devel oped to ensure the integrity of the transmtted

data pul ses. These requi rements’ were desi gned so that approxi mately 99% of the
twi sted pair, non-loaded | oops in North America could be used for BRI | SDN

provi sioning wthout nodification. Loaded |oops do not conply because they do
not permt adequate transm ssion of the digital signal. This is because the |oad
coils act as |ow pass filters having an upper cutoff around 3 kHz, significantly
attenuating the 2B1Q signhal, whose spectral energy peaks near 40 kHz. The
principal |oop specifications are noted in Table 4.

TABLE 4
BRI LOOP LIMITATIONS

(AVAILABLE ON HARD COPY ONLY.)

4.2 Loop Extension Options

4.2.1 As Table 4 indicates, the I SDN BRI can only be reliably offered on
metallic loops with a nominal Iength of 5.5 km (18 kf) or less and w thout

| oadi ng coils. Because many rural areas contain subscribers outside this region,
addi tional methods rmust be enployed to satisfactorily offer | SDN at a greater
range. As with anal og | oops, electronic devices can also be used with I SDN to
permt significant extension of a loop's range. Several options are depicted in
Fi gure 5.

4.2.2 One option in Figure 5 includes digital line repeaters that woul d
regenerate the 2B1Q signal over the DSL, simlar in function to Tl span line
equi pment. These are technically feasible and are not precluded by | SDN
technol ogy plans. However, it is not expected that they will be

The embedded operations channel (EOC), which is part of the 16 kb/s M-channel, supports communication needs
between the LT at the CO and the NT at the subscriber.

The cyclic redundancy check (CRC) isan error checking procedure that performs mathematical calculations on transmitted and
recelved signals.

As specified in ANS| Telecommunications Standard ANS| T1.601-1988.
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FIGURE 5
OPTIONS FOR DEPLOYING ISDN

(AVAI LABLE ON HARD COPY ONLY.)

wi dely used by LECs, except in applications where econom cs suggest that they are
the only viable alternative. DSL repeaters could also be used by certain
subscribers as CPE to extend the range fromthe U-interface to the NI1 in canpus-
type environnents where the plant is owned and naintained by the custoner.
Consequently, the deploynent of electronic devices such as digital |oop carrier
(DLC), concentrator or rempte termnals (RTs) is viewed as the primary option
avai |l abl e, where economically justified, to facilitate w despread provisioning of
BRI 1SDN. It should also be noted that the transm ssion systens (whether T-
carrier or lightwave) used to connect the DLCs or RTs to the COwill require 3
DSO channel s per DSL to provide for transport of the entire 2B+D si gnal

4.2.3 Electronic devices used to extend the range of the 2B1Q signal cannot be
of the sane type used in conventional analog plant; they nust be | SDNconpati bl e
and be designed to operate and interface with an | SDN-conpati ble CO switch. DLC
and RT plant of this type are beginning to emerge now that | SDN standards are
becom ng finalized

4.3 Overlay Networks

4.3.1 As ISDNis initially provisioned, many exchanges (particularly smaller
rural exchanges) will not have a sufficient number of subscribers to justify the
upgrade of the CO equi prent and the outside plant facilities to | SDN
conpatibility within that exchange. For exanple, the CO switch technol ogy
serving that exchange may not even have the capability to be equi pped to offer

I SDN, and switch replacenment at that time would cause a significant economc
penalty. O, the small nunber of subscribers desiring ISDN may not justify the
hardware and software additions that are necessary for an | SDN-capabl e switch

In spite of these considerations, options exist that would pernmit BRI |ISDN to be
depl oyed in these situation. Figure 6 depicts an option known as overl ay

net wor ks.

FIGURE 6
EXAMPLE OF ISDN OVERLAY NETWORK

(AVAI LABLE ON HARD COPY ONLY.)

4.3.2 Figure 6 shows the depl oynent of |1SDN through the extension of facilities
from an | DSN-equi pped exchange to serve portions of a nearby, non | SDN-equi pped
exchange. The use of either DLCs or RTs served fromthe | SDN exchange makes this
depl oynent possible. This solution is simlar to that utilized for DSL | oop
extension where I SDN facilities are needed beyond their maxi mumnetallic range

as discussed in the section 4.2

4.3.3 The overlay concept may even be extended one step further. |If the 5.5 km
maxi mum | oop limtation does not permt reaching the desired subscriber |ocations
fromthe overlay network as in Figure 6, electronic |oop extension nay be

enpl oyed as previously discussed. This generally requires that the RT and its
associ ated DLC both have | SDN capabilities.

4.4 Interference to Other Loop Transmission Systems

4.4.1 The 2B1Q signal used for transmission of the BRI ISDNis of a relatively
hi gh power |evel and broad bandw dth. Figure 7 shows the nmaxi num spectra
parameters, in terns of dBm per Hz, as defined by current standards. Wile this
signal is not expected to cause interference to voice frequency signals, it may
cause problenms with anal og station carrier systens in certain applications. This
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is due to the overlap and interaction of the station carrier frequencies with
that of the frequencies resulting fromuse of the DSL |ine code

FIGURE 7
MAXIMUM POWER SPECTRUM DENSITY OF 2B1Q SIGNAL

(AVAI LABLE ON HARD COPY ONLY.)

4.4.2 Analog station carrier systens typically operate in the frequency band
range from8 kHz to 160 kHz. The peak energy of the 2B1Q signal is at 40 kHz
with the upper reaches of its fundamental and harnoni ¢ conponents extendi ng
beyond 40 kHz. Wth the information provided in Figure 7, over a 6 kHz bandwi dth
(typical for station carrier) it can be cal cul ated that the maxi num power from

the 2B1Q signal can be as high as approximately +8 dBm or roughly 6 mllivwatts. !
Crosstal k coupling (specifically, NEXT), if both systems are contained within the
same cable at sufficient proximties, could cause the high output 2B1Q signal to
interfere with the | ower |evel receive signal of the station carrier

4.4.3 Prelimnary cal cul ati ons suggest that placenent of both the anal og carrier
and the | SDN 2B1Q systenms within the sane snall cable, or within the sane cable
bi nder groups of larger cables, will likely result in intolerable noise
conditions on the station carrier. Depending on cable size and NEXT
characteristics, placenment of the systens in non-adjacent binder groups of |arger
cabl es may provi de acceptabl e operating conditions. Use of screened cable would
likely present no problenms with noise interference to the station carrier

4.4.4 Wiile laboratory testing is conplete, practical operating experience has
yet to be gained to learn the exact extent and under what conditions that DSL and
station carrier systenms can co-exist within a single cable. Certain newer anal og
carrier systens may be conpatible with the 2B1Q signal. As BRI |SDN, or

equi valent digital |oop transm ssion schemes, begin to be deployed on rura
networks, nore information will becone available and it is expected that nore
speci fic operating reconmendations will then be furnished

4.5 Central Office Equipment Considerations

4.5.1 1In addition to nunerous transm ssion considerations, provision of BRI |SDN
wi t hin an exchange or service area requires that significant enhancenments be nade
at the COswitch. This section will briefly highlight BRI 1SDN froma switching
systens perspective in order to round out the discussion. It should be noted
that differences exist between the BRI and PRI fornms of ISDNin terms of the
needed CO additions and configurations. Details on the central office aspects of
| SDN provisioning will be left to other, nore CO specific docunents.

4.5.2 To offer ISDN CO switch capability, several additions are required

First, the switch nust be digital and, froma software perspective, the generic
software residing in the switch nmust be replaced or upgraded to one having BR

| SDN capability. Some, but not all, CO vendors currently offer BRI |SDN software
and hardwar e upgrades, or have announced rel ease dates for such products in the
near future

4.5.3 Secondly, the analog |ine equiprment serving those subscribers desiring

| SDN must be replaced with those designed for 2B1Q operation and ot her functions
needed for DSL operation. Fundanental differences exist between the standard
analog line card and the DSL card in ternms of signaling, supervision, battery,
test, etc. Some switch vendors have previously produced "I SDN' |ine cards that
enpl oyed a nonstandard and proprietary line code known as alternate mark
inversion, or AM. Since that tinme, the 2B1Q code has been officially adopted in
the U.S. as the standard basic rate |ine code through ANSI Tel ecomuni cati ons

1 30dBm equals 106 wattsHz. Over a6kHz spectrum the composite energy is 6000 Hz x .001 milliwatts per Hz, equaling 6 mW.

This equates to roughly +8 dBm.
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Standard T1.601-1988. AM-type line cards are not conpatible with the 2B1Q
standard used on NT (network term nation) equipnent.

4.5.4 Because the BRI |SDN contains the ability to access either packet-swtched
or circuit-switched networks, capability for this feature needs to be provided
Har dwar e additions such as a packet switching unit or packet handler are integra
to these functions.

4.5.5 If it is desired to offer | SDN services beyond the exchange in which the

| SDN subscribers reside, then Signaling System#7 (SS7) also will need to be
installed at the | SDN serving office. This is necessary because | SDN operates on
a common channel signaling basis whereby signaling information for trunking
purposes is transnmitted on separate channels, unlike conventional trunks that
utilize in-band signaling. Inplenentation of SS7 will additionally require
conpati bl e software, hardware and SS7 communi cation links to other switching

of fi ces.

5. ISDN APPLICATIONS

5.1 This section will briefly describe sone potential applications for which BR
| SDN t echnol ogy may be used. Although these applications can be largely
characterized as being the responsibility of an | SDN subscriber, a genera
under st andi ng of basi c subscriber uses is considered beneficial to the network
provi der.

5.2 As discussed in Section 2, the BRI formof |SDN can be portrayed as sinply a
formof digital nultiplexing, or pair gain. This vieww Il |ikely be shared by
many | SDN subscribers in response to this new transport technology. They will
see an | SDN DSL as an opportunity to simultaneously connect to a standardi zed
interface and operate several data or voice comunication devices with only one
tel ephone line. Subscribers will also expect to realize economic benefits
comensurate with the use of this single DSL as conpared to several, separate

voi ce and data subscriber |ines.

5.3 The specific characteristics of a subscriber's application will, in large
part, depend upon to what extent the comunication devices or CPE and their
associ at ed conmmuni cations software are directly | SDN-conmpatible. |f they are

not, use of TAs will be required. CPE that is conpatible nmay be

connected directly to the 4-wire S/T-interface. Non | SDN-conpati bl e devi ces mnust
be connected using TAs, which provide an interface fromstandard data or voice
outputs to the S/T-interface. The configurations in Figure 8 show two possible
applications with voice, facsimle and personal conputer term nal equi pnent. The
uppernost figure depicts a single TA having both voice and data inputs, thereby
facilitating the use of the two non-1SDN term nals.
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FIGURE 8
BRI ISDN APPLICATIONS

(AVAI LABLE ON HARD COPY ONLY.)

6. RECOMMENDATIONS

6.1 Subscriber demand for BRI ISDN at this tine appears to be rather linited
Al t hough several dozen, well publicized trials are currently underway nationally,

many of these trials are with large organi zations using PRI ISDN. It is
particularly difficult to determ ne when BRI | SDN may see interest, application
and growth in rural areas. In spite of this uncertainty, many REA borrowers may

want to consider planning for their |oop networks and CO equi pnent now for the
capability of providing BRI ISDN to their subscribers in the future

6.2 Because of the strict loop limtations over which | SDN operates, ninimzing
loop length in anticipation of BRI offerings is a primary consideration. The
desire to be well positioned for future | SDN provisioning shoul d, of course, be
bal anced with the econom c considerations that nay acconpany such positioning
Positioning now for BRI I SDN could translate into increased up-front costs in
certain instances, although in some cases this cost penalty may be snmall. For
exanple, DLC or RT installations can now be used to minimze loop lengths in
preparation for future | SDN depl oynment. These designs should be conpared to the
traditional all copper physical |oops to determ ne cost differences. In any
event, each situation nmust be individually assessed. It is possible that higher
up-front costs initially can ultimately translate into lower |ife-cycle costs.

6.3 The follow ng | oop plant recomendati ons are offered to those LECs wi shing
to plan for ultinmate provisioning of BRI |SDN

1) Adopt a maximum nominal loop length planning goal of 5.5 km (18 kf).

Note - the nominal 5.5 km maximum length is affected by gauge and bridged tap
considerations. The determining factors are the maximum resistance and
maximum loss values as shown in Table 4.

Where currently economically justified, strategically place DLCRT units to
permt loops to neet this length Iimtation. Were placenment of DLC/ RTs
cannot be currently justified, |ocate serving area interface (SAl') splice
poi nts so that future placenent of DLC/RTs will pernmit |oops to neet this
maxi mum | engt h requi renent.

2) Strive to eventually eliminate all loaded loops.

Limt use of load coils by using the methods described in 1), above.

3) Strive to eventually eliminate all loop extension equipment.

Limt maxi mum DC | oop resistance to 1300 ohns by using the methods
described in 1), above.
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4) Minimize use and length of bridged taps.

Bri dged taps shoul d be avoided to the maxi mum practical extent. Were
elimnation is not possible, bridged taps should be limted to a nmaxi num of
1.5 km total.

5) Deploy any new analog station carrier systems with discretion.
Future provision of BRI |SDN could either render this plant obsol ete and/ or

create operational problenms if the carrier systemis not designed to be
conpatible with the 2B1Q si gnal
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